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A*  OtLFACTCMSTER  PSEMTITIIW  STIKOT^IS  SPSCIFICATICa!  IH  HOLAE  TERMS* 

F.  Ilovill  JeoEB  . J 

Uttireralty  of  Calif ornln^.  Los  An«ole>i  i P 
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Thresholde  for  cbanorocepter*  - olfactory  or  guirtatory  - are  bent 

given  In  tersia  of  the  laolecular  ccncentratlon  of  ttiiaulating  eubstanco  in 

the  asdlua  used  to  comey  It  to  the  receptor  suri^ici'.  This  lB5)lieB  that 

control  seust  be  exercised  OfTsr  all  other  itiailus  varlablee.  In  the  case 

of  olfRctloa,  these  are  stl»ul\u  blast  duration,  pressure,  toIubs,  tccQ»rn> 

ture,  sad  hisaidlty*  Sose  of  the  prerious  attea^ts  to  acesapUsh  this  con> 

trol  have  been  rovleved  by  Wensel,^  aal  the  difficulty  encountered  when  an 

aspoct  of  the  stlmlus  other  thstn  coacentrati(ni  is  used  as  a threshold 
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deflnitlOB  hsuB  been  dcaenstreted  elsewhsro. 


Biffioultles  of  design  center  srerund  two  miu  problssus,  first, 
ftccurscy  in  specifying  stlnalus  coacentretioa,  and,  second,  cost.  Ssring 
a qtwatlty  of  pure  air  with  a known  stiaculus  concentration,  it  is  relatively 
easy  to  devise  a neans  of  delivering  a controlled  blaat  of  it  to  g*a  nose, 
althouj^  doing  it  inexpenaively  la  not  too  easy.  The  solution  to  thess 
slBultaneous  probleas  to  be  presented  below  is  not  the  only  one  poaslbla, 
but  it  has  proved  sisvls  and  relat^ly  usc'.S!beraoEse. 


Insert  Fig.  1 about  here 


Figure  1 dlagraiu  the  spperatus.  The  odorous  stjnaill  are  contained 
in  a series  of  evaporstiOA  bottles.  Each  unit.  A,  really  consists  of  two 
bottles  eoxitalnlng  identical  naterifiXs,  so  that  as  odorous  air  is  drawn  off, 
dilution  progresses  slowly,  and  each  bottle  has  e glass  wool  "wick”  to  hasten 
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eraporfition.  In  each  absorption  unit,  the  odoroUii  material  is  dissolved  in 
nlnarsl  oil,  so  that  the  odorous  air  ■♦ii  not  too  far  above  the  expected  txrssh- 
old  concentration.  When  neeeessxy  to  cover  the  raaga  of  Indivld^xal  differ- 
ences, two  or  tJoree  different  dilutions  may  be  prepared.  Since  there  i«  no 
bubbling  of  air,  there  is  no  chance  of  aerosol  formation.  For  each  odoi  a 
syringe,  B,  three-way  stopcock,  C,  end  noeepiece,  B,  are  provldlad.  These 
are  clashed  into  holders  on  the  Bsain  body  of  the  apparatus  , and  connected 

to  the  absorption  bottles  by  asans  of  a short  length  of  silicons  rubber 
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tubing.  All  connections  fs&ocog  parts  are  made  with  silicone  rubber,  end  sU  rub- 
ber stoppers  are  covered  with  aliBilaisa  foil.  The  nceepleces  are  especially 
fabricated,  and  provide  air-tight  connoctlons  to  the  nostril.  When  clamped 
in  position,  the  plunger  of  the  ryringe  makes  contact  with  a rack,  E,  which 
is  dt^n  by  a constant-speed  motor,  F,  controlled  by  a switch,  0.  A stop, 

H,  and  the  length  of  the  toothed  poortion  of  the  rack  determine  respectively 
the  beginning  point  of  the  movesient  of  the  rack,  and  its  tominstlon.  Since 
the  stop  and  the  motor  mount  are  adjustable,  the  extent  of  aoveaent,  and 
therefore  the  eaount  of  sir  forced  from  the  syringe  may  be  readily  varied. 


As  prssently  geared,  a blr«t  of  40  cc.  is  delivered  in  0.8  sec.  These  mag- 
nitudes are  such  as  to  minimize  quantity  of  stimulus  blast  as  a detexniner 
of  threshold.  The  absorption  units  are  stored  in  a constant  twnperrturc 
bath  and  are  immersed  in  a constant  temperature  bath  during  experimentation. 
The  temperature  of  the  baths  is  25,9°  C.  with  a maximum  variation  of  + 0.1°  C. 
Pure  air  is  supplied  continuously  through  a filter  chain  consisting  of  sli^ca 
gel,  activated  charcoal,  and  sl^ca  gel,  in  that  order.  This  air  is  warmed 
to  the  same  temperature  as  the  stimulus  bottles,  and  led  to  tvo  funnels,  not 
shown  in  the  dlAgrsa,  -Aich  serve  respectively  to  provide  a pure  air  replace- 


ment for  odorous  air  drevn  off  frea  the  stimulus  bottles,  and  a source  of 


pure  air  for  the  sttoulua  slrtioro. 

Thrcchollii  ar«  found  by  aeterlng  various  aaownts  of  odorou*  air 
into  the  syplnge  by  prtjper  adjuataant  of  the  Btopcock,  C , and  then  filling 
t>ie  syringe  vlth  pure  air.  This  prorldes  a very  fine  control  of  concon- 
tratlon  and^  since  a knovledge  of  the  rapor  pressure  of  the  odorous  aaterlal; 
Its  jselecular  velghtj  the  noleculsr  velght  of  the  oil,  and  the  t«aperature, 
pexnlt  calcxilation  of  the  concentration  In  the  bottle,  the  stimulus  concen* 
tiration  jssy  be  stated  In  molecular  terms.  There  Is  no  evidence  of  pro- 
gressive threshold  shifts  vlth  contlwilng  drawing  off  of  odorous  air,  and 
so  It  is  assTXaed  that  evaporation  la  rapid  enoxigh  to  prevent  more  than 
negligible  dilution  during  a series  of  trials. 

A fairly  constant  envtrazoMnt  is  provided  for  0 by  a anall  taagperatura- 
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controlled  chairiber  In  vhlch  he  sits.  This  chamber  is  kept  at  20  C,  and  all 
air  therein  Is  filtered  through  charcoal  filters.  It  Is  glata-llnad;  except 
for  zinc  holding  strips  and  a fev  atainlasa  steel  inserts.  0*s  chair  la 
covered  vlth  a polyethylene  aack.  This  chaaber  provldea  a constant,  but 
not  perfectly  "baseline"  cnvlrotBaent.  Constancy  Is  aided  to  a ocnslderable 
degree  by  the  fact  that  the  chamber  la  In  a rocn  provided  with  a tea^^rature 
and  bualdlty  controlled  air  supply  frosi  a central  ventilating  ayatem.  Tem- 
perature variation  in  the  chsaber  is  very  slight  — too  small  to  be  measured 
with  an  ordinary  laboratory  theroaneter. 

The  experimental  routine  for  obtaining  a single  threshold  is  as 
% 

follows:  After  all  connections  have  been  made,  a small  emount  of  odorous 
air  is  drawn  into  the  syringe,  and  tten  the  syringe  is  filled  vlth  pxxre 
air  by  retracting  the  plunger  vhlle  the  noseplece  Is  placed  In  the  pure-alr 
funnel.  Hov  0 places  the  nosepiecs  in  hie  nostril,  and  the  blast  ie  delivered 
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by  Bvitchlss  on  the  BKstor.  Atbnr  8T«ry  triel,  th*  rack  aisd  »s°« 

vithdravn  afi^er  lifting  the  a asr.rtlj  ruswunt  on  its  xd.afiT&'? 

and  idille  the  noaepiecs  It  in  place  in  the  puro-air  funnel.  SercrsI 
purging  strokes  of  the  plunger  sere  then  given  by  band,  snd  another  rial 
begun.  In  act\»l  practice,  thla  proceeds  very  rapidly  — at  rapidly, 
indeed,  at  trials  should  be  given,  since  adaptation  laust  be  avoided.  Be- 
tveen  each  pair  of  0*e  the  noeepleees  srs  vsthod  Ptc-rillzed  vlth  w:.tra- 
violet  light. 

Sample  results  fraa  four  A are  available.  In  order  to  test  the  ac- 
curacy of  the  apparatus,  it  ms  decided  to  Tise  tvo  dilutions  of  tvr;  subs- 
tances, Thus,  It  Is  possible  to  decide  If  the  dilution  in  mineral  oil 
and  the  aeterlag  provided  by  the  syringe  yield  ccaparable  results.  That 
Is,  even  if  the  coaeeatration  of  odorous  molecules  In  the  sbsocrptlon 
bottles  differs,  the  thresholds  in  aoleculso:  terms  for  the  same  substance 

ahcmld  reaalu  the  same.  The  tvo  substancea  lued  vsre  methyl  salicylate 
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and  bsnzeae.  There  vsre  unexpectedly  large  liidlvldual  differences  in 
sensitivity  to  methyl  salicylate,  axid  cross -comparison  vas  not  possible 
except  for  one  Inesgperienoed  0.  For  benzene,  hovever,  comparUen  of  tvo 
levels  of  dilution  vaa  made  for  ell  four  0*s.  Those  results,  each  threshold 


Izmert  Table  I about  here 


being  an  average  or  ‘chree  ascending  detenoinationa,  h.-o  giT«a  in  xable  X. 
Correspondence  is  quite  close,  especially  considering  the  aaB.U.  snsRhe'*  cf 
trlale.  It  should  be  pointed  out  that  thees  thresholds  ere  xeccgnitlon 
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threshold!!^  yhlch  vo  hxvtf  found  -to  b©  esBier  to  J^odge  than  the  absolute 
thr«abbldB-  Sik'™r.  sl=o  In  Table  I sre  the  threshold.?  for  methyl  aallcylate. 
The  method  «of  calciilatlng  thresholds  in  tenas  of  molar  ratios  may 

be  of  Interoat,  Flrat  of  all,  one  must  know  the  vapor  pressure  of  the 
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odO!i*ouB  substBUjce.  The  best  aourc©  is  probably  Tlaaeraans.  If  only  the 

boiling  point  is  known,  It  Is  possible  to  estimate  the  vapor  pressure  (as 

Indeed  was  done  for  methyl  salicylate  In  calculating  tbs  thresholds  in 
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this  note).  Row,  from  the  densities  and  the  molecular  weights  of  the 
odor  and  tbs  mineral  oil,  ona  can  find  the  molar  ratio  of  the  aolution, 
and  hence  calculate  the  vapor  pressure  of  the  substance  as  diluted  (the 
vapor  pressure  of  the  mineral  oil  Is  vary  low,  bb&  la  neglected),  by  niiltl- 
plylng  the  vspor  pressure  by  the  mole  fraction.  The  zaolsr  ratio  of  odor 
In  the  absorption  bottle  Is  then  tetermlnsd  by  reference  to  the  air  presstire, 
and  finally,  the  molar  conoentratlon  of  the  threshold  blast  Is  found  frm 
the  voltsae  of  odorous  air  In  the  total  miztisre  frost  which  the  blast  is 
delivered. 

Since  the  actual  msaber  of  odorous  molecules  reaching  the  olfactory 
eplthelltst  must  dei»aad  upon  a variety  of  factors,  few  of  them  the  same  for 
any  two  methods,  no  guess  at  the  avabt  r of  molecules  Involved  In  a barely 
supra*  threshold  rrtimulus  vlllhs  attest  ted  here,  nor  do  coegparlsons  with 
thrssholds  obtained  by  other  setheds  such  meaning.  If  »n  apparatus 
can  provide  atabln  and  baaoaenecus  conditions  with  which  to  work,  and  if 
»o  variables  other  tian  stimulus  coaoentrs tlon,  stimulus  substance,  and 
0 detemlne  the  thresholds,  it  has  fulfilled  its  function.  It  appears 
that  the  apparatus  herein  described  leoets  these  criteria. 
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Dl«grar.  of  the  IKsaentlal  Fortluns  of  t!io  Appwretu* 


